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INTERPRETATION OF DAIRY PEDIGREES/

By John W. Gowen.

Registers of x\ncestry.

Since evolution by the introduction of written records, called

mankind out of the morass of oblivion, there has grown up in

the livestock industry methods of recording an animal and its

parents. Started as private enterprises, often based on the rec-

ords of one herd, these records have extended to many pub-

lished volumes. In fact in the United States the herd register

has almost become a public utility. This utility is based on the

breed, each breed maintaining its own herd register or stud book

as the case may be. Four great classes of agricultural animals

are included in these registers, horses, cattle, sheep and hogs.

The registering of poultry and other economic animals is far less

important.

The systems used in herd registers are quite diverse. Those

used for the recording of dairy cattle appear to be adequate and

quite satisfactory when used in pedigree tracing. In their barest

outlines they consist of recording the name and number of the

offspring and the name and number of the sire and dam. Males

and females are recorded separately. Each animal is given a

distinctive name and number. All records are arranged numeri-

cally. They are not satisfactory for tracing the progeny of any

given animal. The system as a whole is, however, so much bet-

ter than that devised by man for recording his own ancestry

that there is little room for complaint.

As practiced today the basis of registration of an animal lies

in establishing the following points. First that the sire and dam

'Papers from the Biological Laboratory of the Maine Agricultural

Experiment Station. No. 163. The Rockefeller Institute for Medical Re-

search has contributed, in the form of a grant, much to the solution of the

problems on which this paper is based. This paper is largely a reprint of

a paper presented at the semi-centennial celebration Ontario Agricultural

College.
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of the animal were properly registered in the breed ; second that

the dates of service and birth are mutually compatible with the

known facts about gestation and the sire and dam ; and third that

the characteristics of the animal (coat color etc.) are those of

the breed. The details of the individual blanks vary with the

requirements of the different breed offices.

What Is a Pedigree?

A pedigree properly built up is a record of ancestry, of

possible or probable prepotency, of inbreeding and relationships.

It will nowadays show records of performance and frequently

records of type. It gives a picture of the lines of descent and

shows the famous ancestors to which the individual traces. The
pedigree of the Holstein-Friesian bull, Baron Netherland DeKol,

28373 is shown below.

Pedigree of Baron Netherland DeKol

Sheet
No.

No. 17713 No. 10625
Pietertje 2d"s

d No. 3515 Koning-in van cT
Friesland 5th's Netherland

Netherland De- Koningin No. 3273
Pi'tertje 2d

HHB 2

O
Kol's Perfection No. 10605

Netherland DeKol
-NO. -ioiyi

Netherland Alban
HHB "If"

DeK
No. 734
DeKo! 2d

9

rland

No. 33688 9

No. 11584
DeKol 2d's
Netherland

d ^NO. ioiA
Netherland Alban

HHB
•

d

187
ethe Sysie DeKol

No. 734
DeKol 2d •

9

• t-i

No. 20201
Daisy DeKol

No. 2767
DeKol 2d's Prince

d

o o
No. 2422
Belle Barnum

9

o

SO

No. 21171 cT

Count Mechthilde

DeKol

No.

Susie DeKol

No. 19056
Sir Abbekerk

No. 10605 9
Netherland DeKol

No. 11584
DeKol 2d's
Netherland

No. 20201
Daisy DeKol

No. 16469 cf
Tirania's Sir Mechthilde^

No. 12702 9
Alberta Abbekerk 2d
No. 45S4 HHB cT
Netherland Alban 0
No. 734
DeKol 2d
No. 45S4
Netherland Alban

HHB d

No. 734
DeKol 2d
No. 2767
DeKol 2d's Prince

No. 2422
Belle Barnum
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The pedigree of Baron Netherland DeKol as given above is

of four generations showing the ancestry only, the records for

production, type and show winnings not appearing. This pedigree

could be extended much further, of course. The making of such

a pedigree is quite simple. The num.ber 28373 is looked up in

the Holstein-Friesian herd book under bulls. The name is

checked as Baron Netherland DeKol. The record then shows

Baron Netherland DeKol's sire as Lord Netherland DeKol
22\KI and his dam as Susie DeKol's Countess 44906. The sire,

22187, is next looked up under bulls and the dam, 44906, under

cows obtaining the grandparents. The repetition of this process

completes the pedigree. The pedigree is not extended beyond

four generations because such a length of pedigree gives us most

of the important points which may be utilized in determining

what may be expected of the animal.

What Does This Pedigree Show Us?

It is to be noted first that the granddam on the paternal and

maternal side is the same animal, Susie DeKol 33688. In the

third generation we find Netherland DeKol 10605 appearing in

the sire's side and in the dam's side of the pedigree. In the

fourth generation we find Netherland Alban 4584 HHB and De-

Kol 2d 734 appearing twice on the sire's side of the pedigree.

The second appearance of these animals is noted by the solid

circles in the space containing their names. The open circles

with the cross indicates that the animals are repeated due to the

repetition of those noted in the sentence just above.

Baron Netherland DeKol is consequently quite highly in-

bred, the inbreeding partaking of the nature of relationship be-

tween the sire and dam. In the sire's side of the pedigree we find

that the sire himself is inbred, the animals Netherland Alban

and DeKol 2d being repeated in his pedigree. In terms of in-

breeding we find that Baron Netherland DeKol is inbred to 25%
in the second generation, 37^% in the third generation and 50%
in the fourth generation. If we calculate the total amount of

inbreeding we find that for these four generations there is over

50% as much inbreeding as that found for brother and sister

matings (1). Baron Netherland DeKol further displays the fact
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that his parents were related. On a percentage basis this rela-

tionship equals 50% in the second generation, 75% in the third

generation and 75% in the fourth generation. From the stand-

point of pedigree study these facts indicate that we are dealing

with a highly inbred bull whose parents are also closely related.

The question which must now be taken up is the influence of

inbreeding or relationship on the milk yield and butterfat per-

centage of the progeny of such animals.

Effect of Inbreeding on Milk Yield and Butter-fat

Percentage.

Pedigree study then gives us the amount of inbreeding which

has taken place in the ancestry of any animal. The point which

we wish to know is the effect of this inbreeding on milk yield and

butter-fat percentage. In the studies of this laboratory on the

Jersey and Holstein-Friesian breeds it has been found that the

inbreeding of all cattle in these breeds is relatively small in

amount, taking them as an average (2, 3, 4). It has further been

found that this small amount of inbreeding has no appreciable

effect on milk yield and butter-fat percentage, the group of high-

est producing cows in the breed showing practically the same

amount of inbreeding as does the lowest producing group. Not

only that but the rate of inbreeding in the different groups is the

same. The high producing cow is as likely to be highly inbred

as the low producing cow. The conclusion may consequently be

drawn that the study of the pedigree for inbreeding is likely to

give little indication as to the actual milking qualities of the cow.

There is one other point to be taken into consideration in

purchasing an animal for breeding purposes which need not be

taken into consideration in purchasing an animal for its produc-

tive ability. Most inbreeding experiments show that the inbreed-

ing of an animal is an indication of that animal's probable pre-

potency. If the inbreeding is large in amount that animal will

probably reproduce its characters in its offsprings to a higher

degree than will the animal whose inbreeding is of lesser amount.

Probably the most noted illustration of this point is that fur-

nished by the Bates Dutchess cattle. Wright (5) has recently

analyzed the inbreeding and relationship which existed in these
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cattle showing that the inbreeding was quite Jiigh in airiount and

that the resiiUing prepotency of these animals would consequent-

ly be likely to be large in amount as their inbreeding would be

expected to concentrate desirable inheritance in this strain. The
historically notable results attained by the use of these Dutchess

cattle indicate that in actual breeding practice this strain of cat-

tle were preeminently prepotent wdien outcrossed, as would be

expected from the results of a study of the inbreeding in this

family.

Other results also tend to accompany inbreeding unless the

breeder is very skillful in his selection to avoid them. The most

important of these is reduced fertility in the individual v^^hich is

highly inbred. A reduction in vigor is also often one of the ac-

companying effects of inbreeding. This result does not hold the

same importance to the reduction in fertility, since it is possible,

by the external appearance of the animal, to determine any reduc-

tion in vigor which may have taken place through inbreeding,

whereas it is not possible to determine the reduction in fertility

by the external appearance. All these detrimental results may
be avoided by careful selection, however.

Famous Aximals Found in a Pedigree.

Famous animals obtain their prominence in a variety of

ways. These methods include : advertising, records of merit,

either in milk yield or butter-fat percentage, type as shown by

show-ring winning, and nowadays by the number of times that

animals are found in the pedigrees of cows whose production in

milk yield or butter-fat percentage is phenomenal.

If we turn back to the pedigree of Baron Netherland DeKol
it will be noted that it is possible to dt-termine from such a pedi-

gree, the animals whose progeny or owners have made them

famous and consequently have enhanced the value of the animal

whose pedigree is being studied. The greater the number of

generations through which a pedigree is traced, the greater the

possibilities of finding these famous ancestors. This is because

of the fact that the chances of finding any important animals are

increased considerably by the widening number of ancestors for

each generation traced and by the relative decrease in number of

possible ancestors due to the small number of importations of
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cattle into this country. Thus in the four generation pedigree of

Baron Netherland DeKol we note Netherland DeKol in the third

generation,—a cow which appears very frequently in the Hol-
stein-Friesian pedigrees ; DeKol 2d's Netherland.—a sire that is

found in many pedigrees ; DeKol 2d,—a cow that appears more
frequently than any other animal in a four generation pedigree.

The list of famous animals found in the pedigree of Baron Neth-

erland DeKol could be much extended.

The illustration has made the problem evident, however.

What is the significance of these animals to the probable milk

yield of the cow which is pedigreed? Stated otherwise the ques-

tion becomes, is an animal whose pedigree shows a large number
of famous ancestors more valuable or more likely to produce a

large cjuantity of milk or butter- fat than an animal whose pedi-

gree does not contain so many of these famous ancestors. The
results of extended studies on the Jersey and Holstein-Friesian

breeds (2, 3. 4) have shown that the pedigrees of high producing

animals or low producing animals or pedigrees of. a random

sample of the breed all contain animals which have been famous

in the breed's development. In other words the mere presence

in a pedigree of such a famous animal is no guarantee of the

worth of the animal pedigreed.

The question of the frequency of the appearance of these

famous animals in the pedigree has also been studied. In general

it was found that animals which had Advanced Registry records

have slightly more of these famous ancestors than the animals

which did not have these Advanced Registry records. No differ-

ence in the average amount of milk produced by the Advanced

Registry cows could, however, be noticed as the number of fam-

ous ancestors found in the pedigree was varied. These results

seem to indicate that the presence of famous animals within a

pedigree is Init little indication of the possible productive worth

of the animal so pedigreed. This conclusion may seem rather

strange until it is realized that generally the famous animals are

in point of fact quite distantly removed in number of generations

from the animals whose milk production is to be determined.

Thus while the famous ancestors undoubtedly in the majority

of cases obtained their fame by their productive worth, they are

so far removed from the animal which is pedigreed that their

influence or chance of transmitting to it desirable characters for
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milk yield and bntter-fat percentage i:^ very small. This deduc-

tion also follows from the breeders' method of estimating the

amount of blood of a given ancestor which an animal contairj-.

Thus if the ancestor is a sire the offspring are con?idered as 50

per cent of the sire's blood ; if it is a grandparent the offspring

are considered 25 per cent; if it is a great-grandparent \2y2 per

cent: if it is a great-great-grandparent 634 P^r cent. It does net

take long for one to see that the influence of any ancestor must

be proportional to the number of generations they are away frc rn

the animal pedigreed. As the ancestors of note in aii}- pedigree

are generally at least great-grandparents and often eve:: furt"':tr

removed it is at once clear that famous ancestors should in gen-

eral have little effect in predicting the relative productivity of an

animal pedigreed Thus the conclusion derived from the study

of the actual results agrees with common sense results as shelv-

ing that famous ancestors are on the whole a poor means of pre-

dicting the productive worth of an animal. Thus any hope which

may be derived from the study of pedigrees as such is exhausted.

It is necessary now to turn to the further elaboration of the pedi-

gree known as the pedigree w^ith performance records. For this

purpose we take the pedigree as published in Holstei:>Frie?ian

Foundation (6) of the cow Mollv A'eeman Segis Pontiac Xo.

283159.

It will be noted that the pedigi^e of Molly Veeman Seg'"s

Pontiac contains all the information which is given f or B^- < n

Netherland DeKol plus the records of performance for the

mals contained m the pedigree. From these data it is possible

to obtain inbreeding, relationship coelticient and any fame us

ancestors which occur in the pedigree of this animal plus the

information as to the performance in milk production and hv-t-

ter-fat percentage or the progeny perf( -nuance for mil-; prodi'c-

tion and 1 utter-fat percentage. The aniinal is a phcn.oriienal

covr. chctsen particularly because her iKxligree does fulfill nV<>t

of the condition^ of an excellent i>roduction j^edigree. The ani-

mal herself has 7-day and 365-day records of a very high degree

of merit. She contains much of the Pontiac blood being inbrtd

to King of the Pontiacs, Pontiac Korndyke and Pontiac Arti*=.

Study of this pedigree shows that most of the animals have ex-

cellent recc^rds themselves or that their progenv have reccu-(F of

merit.
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The question may be asked as to what is shown by such

performance records? Do we know anything more about what

a given individual is hkely to produce or what her offspring are

Hkely to produce, if we know the Advanced Registry perform-

ance records in the pedigrees of such animals? In other words

have we any information which will enable us to interpret such

performance records in terms of heredity so that we will be able

to predict with any degree of certainty what the performance of

an animal so pedigreed will be when it comes to milk produc-

tion or to official Advanced Registry testing? This question is

one on which the Maine Agricultural Experiment Station has

been working for the last ten years. Attention may now be

turned to the evidence thus accumulated in trying to lay a foun-

dation on which to interpret the worth of a pedigree in terms

of future milk production.

In attempting to answer this problem the first question,

which might be asked, is whether or not an animal with a pedi-

gree is better than the grade whose parents are condemned to

oblivion due to the lack of any registry system for such animals.

The answer to this question was indicated many years ago by

the work of such men as Van Norman, Eckles, and others in

this country as well as by much similar information collected

especially in Denmark in connection wiih Cow Test Associations.

The problem has, however, been brought particularly to the

fore in the last nine years, by the interesting experiments re-

ported by Kildee and McCandlish (7), by Olsen and Biggar (8),

by Lawritson, Hendrickson and Nevens (9), and Hayden (10).

These experiments point to the conclusion that in the breeding

of purebred dairy bulls to unpedigreed cows there results an

increase in milk yield and butter-fat in the offspring. This in-

crease in milk yield is more pronounced for the purebred Hol-

stein-Friesian bull and is in general accompanied by a decrease

in the butter-fat percentage of olfspring of such bulls. The in-

crease in milk yield is generally not so great for the Jersey and

Guernsey crosses but the fat per cent is frequently increased so

that the net fat return is increased. These facts indicate a very

pronounced possible increase in the milk yield and butter-fat

production of unpedigreed cows by the use of purebred bulls.

It is of interest to consider somewhat critically the reasons

for these results. The work initiated by Pearl (11) (the writer
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is responsible for the analysis of the results) and by Cole (12)

in obtaining definite controlled crosses of certain levels of milk

production and butter-fat percentage, together with the work

done in Denmark and analyzed by Ellinger, (13) the crosses

made by Bowker and analyzed by Castle (14) and Gaines (15)

all point to the conclusion that progeny of parents, one of which

is relatively pure for high milk yield and the other of which is

relatively pure for low milk yield, have milk yields intermedi-

ate between the two parents, approaching more nearly the higher

producing parent. But in crosses of high and low butter-fat

percentage animals the butter-fat percentage of the resulting

progeny are intermediate between the two extremes tending to

approach the butter-fat percentage of the lower parent. Pure-

bred animals have started their existence as purebreds in rela-

tively small communities and have been developed as purebreds

separate from the other breeds. In other words there has tend-

ed to be a concentration of inheritance in our pure breeds of

cattle or, as we may say, a concentration of prepotency for cer-

tain things has resulted in the different breeds. To take the ex-

treme case most easily recognized by the eye, there has been such

a concentration of prepotency of the beef characters in such beef

breeds as the Shorthorn, Hereford, and Aberdeen-Angus, that

when these animals are crossed on puorly fleshed scrub cattle

there results a first generation animal carrying many of these

purebreds' beef qualities. Furthermore should the cross happen

to have been to a Hereford, the prepotent white face of the

Hereford will also appear in the offspring.

The breeders of beef cattle have been much quicker to recog-

nize this prepotency of the purebreds than have the breeders of

dairy cattle. Thus, if we examine the census figures we find

that of the bulls in service there are 53.4 per cent, which are

purebred, against 25.4 per cent of such purebred bulls in service

on dairy cattle. The percentage of purebred females while not

so large, shows again that the breeders of beef cattle are more
alive to the prepotency of purebred animals than are the breed-

ers of dairy cattle. Thus, 4.1 per cent of the females in the

beef breeds are purebred stock whereas only 3 per cent of the

females in dairy stock are purebred. This difference in breed-

ers of beef cattle versus those breeding dairy cattle is, in the

writer's opinion, due to the fact that a beef man can easily see
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the effect of using a purebred bull on cattle used for beef pur-

poses, whereas the effect is not so evident to the dairy cattle

breeder unless he sits down and figures up his milk returns. The
points for the beef animals may be illustrated by the accompany-

ing photograph of one of the animals in the station experimen-

tal herd, Crossbred No. 16. The parents of this animal were

the purebred Aberdeen-Angus sire, Kayan, and the Jersey cow,

College Ruth. The beef characteristics of Crossbred No. 16

are easily noted from the photograph.

FARENTS.

KAYAN.

orrspRm.

DAIRY TYPE.

Photographs showing the prepotency of the beef characteristics in

crosses of purebred beef animals. This photograph illustrates the progeny

of the Aberdeen-Angus sire, Kayan, when mated to the Jersey cow, Col-

lege Ruth. Block for plate courtesy "Scientific Agriculture."



64 Maine Agricultural Experiment Station. 1924.

The effect of using purebred Jersey sires on the ordinary-

mixed unpedigreed stock results in increases in milk yield which

are entirely comparable with those increases in beef character-

istics. These increases in milk yield often amount to as much
as 100 per cent of the milk yield of the original dam. The de-

sirability of using bulls whose pedigrees are known and which

have been bred for dairy purposes for a considerable period of

time is evident to anyone who cares to investigate the figures

on the subject.

There is then a concentration of prepotency in pure breeds

as compared with the mixed condition found in unregistered

stock. This concentration of prepotency leads to certain results

on breeding these pure breeds to mixed stock exemplified by the

increase in milk yield and butter-fat production of these first

generation animals. These considerations show that the mere

fact of an animal's holding registration papers is an indication

of probable greater worth for this animal as a breeder as com-

pared with an unrecorded animal, because it shows that a defi-

nite effort has been made in its breeding to develop certain lines

of production and thus concentrate on certain prepotent effects.

The question of how the inheritance of milk yield and but-

ter-fat percentage takes place in registered animals may now
be asked with the idea of utilizing these facts in making some

prediction of what the milk yield or butter-fat percentage of an

animal of unknown production would be when tested on the

basis of the known milk yield and butter-fat percentage of her

parents or ancestors further removed. These facts are taken

from an extensive study of inheritance as conducted by the

Biological Laboratories of this Station. The first problem to be

taken up is the problem of the relation of milk yield and butter-

fat percentage of full sisters.

Milk Yield and Butter-Fat Percentages of Full Sisters.

Such a comparison gives a measure of the effect of the sire

and dam on the milk yield of the progeny. When contrasted

with the relation of the milk yield and butter-fat percentages of

half sisters, it gives us a measure of the influence of both sire

and dam on the production of the progeny. The results from

the comparisons of the milk yields of full sisters, half sisters
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with a common sire, or half sisters with a common dam are"

shown in figure 9.

t30

I

67 96 '29 64 94 124 67 S7 128
COMMON SIRE COMMON DAM

FULL SISTERS. HALF SISTERS.
MILK YIELD.

Fig. 9. Relation between the milk yields of full sisters, of half sister?

with a common sire, and of half sisters with a common dam. The dotted

line shows the average production, the white enclosed space shows the

limits necessary to include 50 out of every 100 second sisters for a giveri

grade of milk production of the first sisters.

This figure pictures the results as percentages of^the aver-

age production of the breed. One hundred per cent represents

the average production of milk over a 365-day period for the

cow aged 8 years and 3 months. This average production fcr

full sisters is 19438 pounds of milk. This production of milk

in a 365-day period may seem a good deal to many dairymen

who have not done Advanced Registry testing. It should be

remembered, however, that the work of Eckles (17) has shown

that Advanced Registry records are ly^ times in their produc-

tion than are the records of the same cows made under average

good conditions. In view of this fact the dairyman is justified

in dividing the Advanced Registry record by 1% in comparing

it with that made in his own herd under average good condi-

tions. In the study of pedigrees and in the purchase of dairy

stock these facts should be kept in mind in evaluating the worth
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of any aiiinial which is so pedigreed. For comparative results,

liovvever, such records when all made in the Advanced Registry

are comparable and furnish fairly satisfactory data for inheri-

tatice work.

The Lull sister which produces 100 per cent may be con-

sidered as producing the equivalent of the average cow or 19,438

pounds tjt milk in mature form, 8 years, 3 months. Productions

less that! this figure are correspondingly less than the average

ill the percentage of milk they produce and productions more
than that ligure are correspondingly more than this percentage.

The results may be concretely illustrated as follows. If a full

sister gives 13,000 pounds of milk and the average milk produc-

tion of full sisters for the breed is 19,438 pounds the cow giv-

13000
iiig 13,0">J pounds of milk produces only or 67 per cent

19438

of the average. On the other hand a cow giving 25,000 pounds

of milk produces 25,000 19,438 or 129 per cent of the breed's

average. The percentages of milk production are shown graph-

ically for three groups, those cows giving 13,000 pounds of

milk, 19,<X)0 pounds of milk and 25,000 pounds of milk. The
first full sifter's percentage of milk yield is 67 per cent as shown

iti column 1. The average percentage of milk yielded by the

second full sister is 82 per cent, for tViis group. This is shown

as the dotted bar.

Besides the aVerage production of full sisters we wish to

kiiow soVnething' more about them. Namely, how much varia-

tion will there be in the milk yields of second full sisters when
we know the milk production of the first full sister? The in-

formation which it is desired to obtain may be illustrated as

follows : Suppose 100 cows which have full sisters whose milk

yields are 19,000 pounds or 98 per cent of the average. It is

kfiown from the above that the average milk yield of these 100

cows will be about 99 per cent of the average for the breed.

The question on which information is desired is how much on

either side of this average will these 100 cows vary in their milk

production. For our purposes we have chosen to state the prob-

letn in this way : What limits of milk yield would include 50 out

of the 100 cows whose production is nearest that of the average

of 99 per cent? These limits would, of course, be on either side
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of the average production. It is possible to determine them by

arranging the cows in order of their miUv production and count-

ing of? the first 25 on either side of the average production.

The milk productions of the 25th cow on either side mark off the

limits which would include 50 out of the 100 cows ; in other

words, the range between which 50 per cent of the full sisters

would be found in their milk yield. This method gives a meas-

ure of the variation which we may expect in the milk yield of

any individual cow on predicting it from the milk yield of a

full sister. Thus, w^here a first full sister's milk yield is 67 per

cent, the average of the second full sister's milk yield is 82 per

cent and the range of variation necessary to include 50 out of

100 such second full sisters would be 70 per cent to 94 per cent.

This is marked by the ends of the white area in the first

column of figure 9. This figure shows that as the production of

the first sister increases, the average production of the second

sisters also increase. For the second column, where the first full

sister gives 98 per cent, the average of the second full sisters is

99 per cent and the range necessary to include 50 out of every

100 second sisters is from 87 to 111 per cent. For those full

sisters which have an average milk yield of 129 per cent the

second full sisters have an average milk yield of 116 per cent.

The range necessary to include 50 out of every 100 of the second

full sisters is from 104 to 128 per cent.

The construction of the columns showing the milk yields

of the half sisters from common sire and from common dam is

the same as that of the full sisters. The average percentage of

milk yield is given as the dotted bar across the white space and

the ends of the white space represent the limits necessary to in-

clude 50 out of every 100 of the second half sisters.

It is noticeable that full sisters tend to resemble each other

in milk yield more closely than do half sisters, due of course

to the greater common inheritance which they obtain from both

sire and dam instead of just from one parent. Thus for those

cows which have a common sire we note that where the first

half sisters are 64 per cent in their milk yield the average of the

second half sisters is 87 per cent, whereas for full sisters where

the first sisters have 67 per cent, the second full sisters have an

average of 82 per cent or the full sisters tend to resemble each

ther in their milk yield nearly 7 per cent more closely than do
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the half sisters. This same fact is brought out by the other

extreme. Where the half sisters have a milk yield of 124 per

cent the second half sisters have an average milk yield of 109

per cent, whereas for the full sisters, the first full sister's milk

yields of 129 per cent have an average second full sister's milk

yields of 116 per cent. The full sisters are consequently 3 per

cent closer in their milk yield than the half sisters. The same
general fact holds for the relation of the milk yield of half sis-

ters with a common dam as compared with the milk yields of

full sisters.

A point of considerable importance in pedigree studv may
now be made. If a sire has a first daughter which is rather poor

in milk yield it is more than an even chance that by breeding

this sire to this same cow another daughter will be obtained

which also will have a relatively poor milk yield. If on the

other hand a sire obtains a daughter above average in milk

yield it is unwise to change this sire in the hope of getting an-

other daughter from this same cow of greater milk yield than

the first,, since the chances are more than even of choosing a

sire which will decrease rather than increase the milk yield of

the resulting oft'spring.

While the comparison shown in figure 9 does not bring out

the facts very clearly, it may be stated that the data on which

the comparison is based when analyzed particularly for this

point show that the relation between the milk yields of halt

sisters is only slightly more than half of that between full sis-

ters. In other words, in attempting to estimate the probable

production of an unknown animal by pedigree study if records

on relatives are given we can place more confidence in a record

of a full sister than we can in a record of a half sister to the

animal in which we are interested.

It will be noted that the graphs show a close correspondence

between the average milk yields of second half sisters irrespec-

tive of whether they have a common dam or a common sire.

Such evidence points to the equal eft'ect of the sire and dam on

the milk yield of the daughter. This conclusion has been con-
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firmed by an extended and rather complicated study of the in-

terrelation of milk yields of different groups of animals.^

eS 99 114 83 97 112 B 4- 99 //3

COMMON SIRE. COMMON DAM.

FULL SISTCRS. HALF SISTERS.
BUTTER-FAT PERCENTAGE

Fig. 10. Graphs showing the relation between the butter-fat per-

centages of full sisters, of half sisters with a common sire, and of half

sisters with a common dam. The method of forming this graph is similar

to that for the milk yields given in Figure 9. The dotted line represents

the average butter-fat percentage of the second full sisters or half sisters,

as the case may be, whose first sisters have a given butter-fat percentage.

Thus in the case of those full sisters that have a butter-fat percentage of

85 per cent, the second full sisters have an average butter-fat percentage

shown by the dotted line of 93 per cent. The limits of the white area on

either side of the dotted line mark off the percentages necessary to include

50 out of every 100 such second full sisters. In other words, it gives a

measure of the accuracy of prediction for any given individual's record

based on the record of its full sister, or half sister, as the case may be.

It will be noted from this chart that the butter-fat percentage of second

sisters increases as that of the first sisters increases. In other words,

there is quite a marked relation between the butter-fat percentages of

sisters. This relation is obviously greater for the full sisters than it is

for the half sisters. This fact indicates that the greater common inheri-

tance of full sisters, as derived from both sire and dam, has a more marked

influence than does the inheritance derived from only one parent.

^For those who are interested in following this subject further it is

suggested that they consult the writer's book on Milk Secretion, Williams

and Wilkins Co., Baltimore, as this book contains a much more complete

treatment of this entire subject.
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The same essential facts are shov/n for the relation of the

butter-fat percentages of full sisters and of half sisters. This

does not mean that milk yield and butter-fat percentage are

inherited together, in fact all the evidence points to the conclu-

sion that they are independent or nearly so in the Holstein-

Friesian breed. This means only that while the inheritance for

the two is brought about by separate parts in the machine, the

quantitative inheritance is approximately the same both in the

milk yield and the butter-fat percentage. Figure 10 shows the

graphs for the butter-fat percentages of these groups of sisters.

In view of these facts we can draw certain conclusions with

regard to the value in pedigree study of the records for milk

yields or butter-fat percentages on full sisters or on half sisters.

The record of a cow predicts the probable milk yield of her

full sister much more accurately than it does that of a half

sister whether the half sister be by the same sire or from the

same dam. Thus in purchasing a bull (which has daughters

of excellent performance) and bringing him into a herd the

daughters which this bull would get would not be expected to

have the same excellence as those in the herd from which he

came because of the fact that this bull is going to be used on

entirely different cows, perhaps inferior to those to which he had

been previously bred. The offspring which he gets will further-

more be only half sisters of those of the herd from which he

came, whereas if he were continued to be used in the original

herd it is probable that he would get many full sisters and thus

maintain more nearly the high level of performance previously

established. The same conclusion is to be drawn for the cows

which are purchased on the basis of the production of their

daughters, for unless they are bred to higher class bulls than

those to which they were originally bred it is more than an

even chance that their daughters will not do so well as if the

previous sire had been used.

Milk Yields of Mother and Daughter.

The study of the milk yields of mother and daughter furnish

what is frequently the most direct comparison available to the

breeder. The daughters' milk yields are slightly in excess of

those of their dams. The average milk yield of the daughters



Interpretation of Dairy Pedigrees. 71

is 19,600 while that of their dams is 18,800 pounds for the maxi-

mum production at 8 years and 3 months. The writer has

studied the records of 216 daughters which come from dams

whose milk yield is over 20,000 pounds. These daughters' aver-

age production is 21,778 pounds for the 365-day period. The

395 daughters that come from dams with milk yields less than

20,000 pounds have an average production of 18,393 pounds.

In other words, the daughters from cows with productions

greater than 20,000 pounds have an average milk yield 3,385

pounds greater than the daughters which came from dams

whose milk yields are less than 20,000 pounds.

When the yield of the dam is low, the milk yields of the

daughters tend to be higher. They approach the average of the

breed. On the other hand when the milk yield of the dam is

large, the milk yield of the daughter is also large, although not

quite so large. Figure 11 shows on a percentage basis the rela-

tion of the milk yield of the daughter and dam.

This figure shows that when the dams' milk yield is 69 per

cent of the average of the breed the daughters' milk yield is 85

per cent. If the dams' milk yield is 101 per cent, the average

daughters' milk yield is found to be 100 per cent. If the dams'

milk yield is 133 per cent, the daughters' milk yield is found to

be 116 per cent. For an increase in percentage of milk yield of

64 per cent for the dam there has been a resulting increase of

milk yield in the daughters of 31 per cent. This increase shows

the importance of having in pedigrees dams with records which

are relatively high. The record of the dam is one of the best

pieces of evidence on which to base any estimate of the probable

production of the daughter. In fact this close relationship be-

tween the milk yield of daughter and dam makes it an open

question if for the small breeder it is not better to purchase

daughters from relatively high producing dams than it is to pay

too much attention to and too much money for a supposedly high

producing bull. The reason for this lies in the fact that a daugh-

ter's production may be predicted much more accurately from

the record of her dam than can the record of a sire's offspring

from the records of any of the sire's ancestors. This point will

be discussed further in the comparison of the records of grand-

parents with those of their granddaughters.
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Fig. 11. Graph showing the relation between the milk yields of dams
and daughters in the Holstein-Friesian Advanced Registry. The produc-

tions are given as percentages of the average production for the breed.

The construction of the figure is as followij : The dotted line indicates the

average milk 3"ield of the daughters coming from dams of a given milk

yield. The ends with the white area represent the variation in milk yield

necessary to include 50 out of every 100 daughters when they come from

dams of a given milk yield. That is, daughters from dams producing 69

per cent have an average production of 85 per cent and 50 out of every

100 of these daughters would have milk yields between 72 per cent and 97

per cent of the breed's average. From these graphs it will be noted that

the increase of the dam's milk yield result^ in an average increase of the

daughters' milk yield of somewhat less an amount. Thus for dams with

an average milk yield of 69 per cent the daughters' average milk yield is

85 per cent, whereas for dams with milk yield of 133 per cent the daugh-

ters' average milk 3-ield is 116 per cent. Or for an increase in the per-

centage of milk yield of dams of 64 per cent there is an average increase

in daughters' milk yield of 31 per cent.

Another question on which information is needed is how
much on either side of this average will these 100 cows vary in

their milk production. For our purposes the problem may be

stated in the following way. What limits of milk yield would

include 50 out of 100 cows whose production is nearest the aver-

age of 100 per cent. These limits would of course be on either

side of the average production. It is possible to determine them

by arranging the 100 cows in the order of their milk production

and counting off the first 25 on either side of the average pro-
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duction. The milk production of the twenty-fifth cow on either

side would be the limits which would include 50 out of every

100 of such daughters. In other words, the twenty-fifth cow

would mark the range between which 50 per cent of the daugh-

ters would be found in their milk yield. This method gives a

measure of the variation which we may expect in the milk yield

of any individual cow on predicting it from the milk yield of

her dam. Thus where the dam's milk yield is 69 per cent the

average milk yield of the daughters is 85 per cent and the range

of variation necessary to include 50 out of every 100 such daugh-

ters would be from 72 per cent to 97 per cent. These limits are

marked oft' by the ends of the white area of the first column of

figure 11. In a similar manner the other columns represent the

average production and range in production of daughters com-

ing from dams of other grades of production.

Figure 11 shows that as the production of the dam increases

the average production of the daughters increases also. Were
it possible to picture it, the relation of sire and daughter would

appear the same as figure 11 for the relation between dam and

daughter, as it can be shown that the correlation between the

potential milk yield of sire and the milk yield of the daughter

are essentially of the same value as the correlation between dam
and daughter where actual milk 3-ields are available on which to

determine the correlations. These data and the data on the

average milk production of daughters with given grades of

dams furnish a fairly accurate means of predicting milk yield

when given pedigree records showing the milk production of

the dam. The same is also true for the butter-fat percentage

for although milk yield and butter-fat percentage are inherited

independently, the butter-fat percentage follows the same laws

as that of milk yield. These data are given in figure 12.

Figure 12 shows that as the butter-fat percentage of the

dam increases the average butter-fat percentages of the daugh-

ters from these dams also increases. The variation of the daugh-

ters, while fairly large in amount, is still small enough so that

the prediction of the daughter's butter-fat percentage from that

of her dam is one of the preeminently important single consid-

erations in pedigree study.
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The -next important point is the relation between the milk

yields of grandparents and the milk yields of their grand-

daughters.

84 99 113

DAM'S PERCENT PERFORMANCE.

BUTTER-FAT PERCENTAQrE.

Fig. 12. Graphs showing the relation between the butter-fat per]

centage of daughter and dam as obtained from Holstein-Friesian A(

vanced Registry data. The construction of this figure" is similar to that

figures 9 and 10, the dotted Hne indicating the average butter-fat percent

age of the daughters and the ends of the white areas the variation :

sary to include 50 out of every 100 daughters when they come from dar

of a given butter-fat percentage. From this graph it will be noted

the increase in the dam's butter-fat percentages results in an average ii

crease of the daughter's butter-fat percentages of somewhat lesser amounts

Thus for dams with a butter-fat percentage of 84 per cent of that of tl

breed's average, the daughter's average buiter-fat percentage was 93 pel

cent of the breed's average. On the other hand, for dams which had an

average butter-fat percentage of 113 per cent the daughters had an aver-

age butter-fat percentage of 105 per cent, or, for an increase of 29 per cent

in the dam's butter-fat percentage there was a corresponding increase of 12

per cent in the daughter's butter-fat percentage. These facts show the

importance of having dams with a relatively high butter- fat percentage ir

the pedigree when one of the objects of breeding is to raise the buttcr-fa-

percentage of the herd.
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Relation ok the ]\Iilk Yields and Butter-Fat Percentages

OF Graxdparexts and Granddaughters.

From the point of view of general breeding and pedigree

study the record on the paternal granddam is probably of most

importance. It is on this record that bulls are frequently pur-

chased, in fact it is the most important record in the pedigree

when tliese bulls are so young that they have no daughters of

their own. For this reason the records of this parent will be

taken as illustrative of the effect of the grandparents on the milk

yield and butter-fat percentages of their granddaughters.

Before taking up this point the results of a study of the

relations of milk yields of the grandparents to the milk yields

of their granddaughters heretofore obtained may be summarized

briefly. The study of the data reveals no significant differences

between the influence of the grandparents taken individually,

whether it be on the sire's side or the dam's side of the pedigree,

on the production of their oft'spring either in milk yield or but-

ter-fat percentage. The grandparents have only half the rela-

tion to the milk yields and butter-fat percentages of their grand-

daughters that the parents have. In other words, the record on

a grandparent is nowhere near so good a measure, by which to

predict the probable milk yield or butter-fat percentage of their

progeny a generation removed, as is the record on the dam of

that progeny. From the records of the Holstein-Friesian breed

we find the following comparison between the milk yields of

granddaughters and paternal granddams. If the milk yield of

the paternal granddam is low, say 10,000 pounds the milk yield

of the daughter will also be low, 17,297 pounds, when consid-

ered in comparison with the rest of the daughters. If the milk

yield of the granddam is large, 30,000 pounds, the milk yield of

the granddaughters has a large average, 22,373 pounds, when
compared with the rest of the granddaughters. This in-

crease is not anywhere near so pronounced as that for the rela-

tion of daughters' and dams' milk yields. In other words, the

point brought out by this comparison is that the grandparents

have an eft'ect on the milk yields of their progeny, even though

they are a generation removed but that this effect is not so great

as the effect of the immediate parent. Thus in all pedigree

studies the weight to be placed on a record occurring in the sec-
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ond generation is a good deal less than when the record oc-

curs in the first generation. Furthermore the variation of the

granddaughters with paternal granddams of a given production

is much greater than the variation found for daughters of given

grades of dams. Thus for paternal granddams of 14,000 pounds,

a variation in the milk yield of 15,426-21,198 pounds is neces-

sary to include 50 out of every 100 granddaughters. A predic-

tion of the milk production of a granddaughter from the grand-

parent's record cannot be made so accurately as that of a daugh-

ter from the dam's milk yield. This conclusion is also true for

the butter-fat percentages.

It is unnecessary to take the reader over the evidence for

the third generation for this evidence is quite scattering due to

lack of numbers. General conclusions from such an analysis

can be stated very simply. The third generation individuals are

found to influence the milk yields and butter-fat percentages of

their progeny two generations removed to but a very slight ex-

tent, much less than do the grandparents. The examination of

the records of the pedigree in their effect on the performance

of the animal pedigreed has been carried to a limit so far as

any practical conclusions can be drawn from such records.

There is one other phase of the pedigree which should prob-

ably be examined because of the frequency of its occurrence in

pedigree study. In an examination of the methods of record-

ing the performance of the sire it is frequently noted that this

sire has a brother which in turn has daughters of very excellent

performance. The conclusion is left to the breeder looking at

this pedigree that these brothers' daughters will probably indi-

cate what the unknown sire's daughters will do in their milk

yield and butter-fat percentage. A little consideration shows

that such a sire's daughters are first cousins to those of this

brother. The comparison is therefore that of the milk yields

and butter-fat percentages of first cousins to determine how
good an indication such records really are and how good a basis

they actually may be for forming judgment as to the probable

productive worth of an animal. Stating the conclusions broadly

it is found that these cousins are only about half as good indi-

cators of the probable milk yield and butter-fat percentage of

the animal pedigreed as are records on any of the grandparents.
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The records of cousins are much less effective, therefore, than

records of the parents.

This brief review of the main conclusions from the study

of inheritance of milk yield and butter-fat percentage in rela-

tion to the reading of a pedigree brings out one further point,

namely, the best combinations of ancestors or of relatives to

predict the probable productive worth of an animal. Here again

without going into the evidence the combination which has been

found to be of the most value are records on a full sister and on

the dam for predicting the probable milk yield or butter-fat

percentage of a given animal. The next most important records

are the records of a half sister by the same sire and a record on

the dam for predicting the milk yield or butter-fat percentage

of an unknoAMi animal. Thus it is records immediately next to

the animal pedigreed which are most important in pedigree

study. We can in a sense discard as useless, unless they are

very numerous, the records of the third and fourth generation

individuals. They can, in the writer's opinion, be discarded

even though they are very numerous because with these famous

animals in any number in the third and fourth generation there

is something wrong with any pedigree that does not show rec-

ords in the first and second generation on the animals which

come from these famous ancestors. A man cannot afford to

leave the progeny of such animals unrecorded as to performance

and therefore we have a right to expect performance records

in such a pedigree.

What Are the Essentials in Pedigree Writing and

Reading ?

The results of this brief summary of the long, tedious,

painstaking work on inheritance in relation to pedigree writing

and reading may be concluded as follows. First there appears

to be httle or no influence of inbreeding, of relationship, or of

famous ancestors on the production of the progeny of dairy

sires. It will be noted that the evidence shows that the inbreed-

ing and relationship which occurs in the ordinary pedigrees as

found in purebred breeds is relatively small in amount. The
evidence from extensive experiments (on small animals particu-

larly) shows that very intensive inbreeding such as mating
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brother and sister for a number of generations will generally

result in the concentration of the prepotency of this animal but

also in a decline in vigor in such inbred animals and a probable

reduction in fertility. These last results may, however, be avoid-

ed by very careful selections.

It is indicated further that it is desirable to have animals

which are registered because these registration papers show

that a definite effort has been made to breed these animals to

certain types of production and because this definite effort tends

to make these animals pure for these types of production trans-

mitting them as increased milk yields and butter-fat percentages

to their offspring more frequently than an animal of unknown
breeding with a probable mixed ancestry.

It is further shown that the parents and grandparents, sis-

ters and half sisters, and to some extent cousins are the impor-

tant relatives on which to base an estimate of the productive

worth of an animal. As a pedigree goes beyond three or four

generations the ancestors in it get so far removed from the ani-

mal pedigreed that the effect of any worthy ancestor even

though pure for high production is diluted so much by the other

ancestors in coming down through the generations that its

eft'ect on the animal pedigreed is so slight as to be of little or

no value as a prediction of the progeny's probable production.

It is further shown that the animals on which greatest de-

pendence may be placed in reading a pedigree are the recorded

performances of the dam, full sisters, and half sisters. Next to

these come the recorded performances of the grandparents.

These results of a strict and critical study of inheritance in

dairy cattle are apparently confirmed by the opinion held by

dairy cattle breeders in Denmark. Mr. Anthony (16) in show-

ing the way in which sales catalogs are put up by Danish Breed-

ers indicates that they give the records on three generations of

the pedigree for the female ancestors. These are given as the

age of the cow, her milk yield and butter-fat percentage and the

number of pounds of butter produced. The pedigree is further

completed by giving the prize winnings of the male ancestors

for two generations. Judges then give the animal in question a

rating as to its type, a rating as to the production of the ances-

tors and as to the external appearance of the ancestry.
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To this record the writer would add the records of the

progeny as the author's studies have shown these records im-

portant in indicating the progeny performance of any pedi-

greed animah A pedigree of this type is the unvarnished rec-

ord worthy of a careful consideration of any breeder either

reading or writing pedigrees.
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No. 318. Interpretation of Dairy Pedigrees.

No. 319. The Blueberry Leaf-beetle and Some of Its Relatives.

The following bulletins are published in limited editions and are mailed

regularly to libraries and to other institutions in exchange. They represent

types of publications which are not sent to general mailing lists in the

State but will be forwarded to any address on request, as long as the

supply lasts.

Bulletin 317.

THE BUCKTHORN APHID. This bulletin contains an account of

a small greenish aphid that overwinters on the buckthorn (Rhamniis) in

the egg stage. The first spring generation develops on the buckthorn leaves,

distorting them. Later winged generations disperse to seventy or more

different species of plants which the aphids infest during the summer. The

bulletin gives the life history of the aphid ; -a. list of all its known food-

plants, many of which are of economic imporiance ; a record of the habits

of the species which is a pest in vegetable and flower gardens ; a report

of its role as a carrier of plant disease; and suggestions for control.

Bulletin 319.

TPIE BLUEBERRY LEAF-BEETLE AND SOME OF ITS RELA-
TIVES. Bulletin 319 contains an account of fifteen New England leaf-

beetles belonging to the genus GalcniccUa. Five of these being previously

unnamed, are described as new species. Among this number is a dull

yellow or reddish brown be.^tle which is indicated as the blueberry leaf-

beetle as both the adult beetles and their larvae feed upon blueberry leaves.

The females deposit eggs from late May to iate July so that a succession

of the larvae are present for about eight weeks. The bulletin gives a

description of the egg. larva and adult insect with drawings and photo-

graphs ; an account of its distribution, foodplants. hibernation and other

habits. nptiini enemies, and suggestions as to its control. Similar though

briefer descriptive accounts are given of the other species and a key makes

possible an identification of the different species.


